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Abstract 
In this paper we propose a method for linearization of split-GLRGHSKRWRGHWHFWRU¶V UHDGRXWFKDUDFWHULVWLFV LQRSWLFDO
beam deflection (OBD) system. By assumption of an invertible function-VKDSHGODVHUVSRW¶VRSWLFDOSRZHUFXPXODWLYH
GLVWULEXWLRQ UHODWLRQEHWZHHQGHWHFWRU¶VRXWSXWVLJQDl and the FDQWLOHYHU¶VEHQGLQJFDQEHIRXQGA microstage and 
eOHFWURPDJQHWLFDOO\DFWXDWHGPLFURFDQWLOHYHUVDUHXVHGWRFKDUDFWHUL]HWKHGHWHFWRUDQGHVWDEOLVKPRGHO¶VSDUDPHWHUV
After linearization, differential signal from a 2-cantilever array is used to prove linearity of the system. 
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1. Introduction 
Several types of position sensing detectors are commonly used for cantilever sensors with optical beam 
deflection (OBD) systems. The most popular are the lateral-effect detectors [1] and the split-diode 
detectors [2, 3]. The former provide linear response over wide range of bending. This feature allows 
differentiating signals from multiple cantilevers in static mode sensing. The latter, on the other hand, 
feature significantly higher bending sensitivity, giving thermal noise-limited resolution of the 
measurement system. As we have already demonstrated, thermal noise of a microcantilever may be 
utilized in dynamic mode sensing to extract the resonance frequencies carrying information regarding 
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adsorbed mass [4]. However, the split diode detector’s bending sensitivity is a function of instantaneous 
bending, reflecting the laser spot’s optical power distribution. This introduces nonlinearity to the system, 
significantly narrowing down useful bending range for static mode sensing. Such nonlinear system is not 
capable of differential operations, unless it can be artificially linearized. 
We propose a method for linearization of split-diode detector’s response function. Upon assumption 
that the laser spot’s cumulative power distribution shape can be approximated with an invertible function, 
model parameters can be established from a single calibration measurement. With those parameters, an 
inverse function can be given and applied to the output signals, linearizing the system’s response. 
2. Model establishment 
The laser spot’s optical power distribution shape can be approximated with Gaussian function. Its 
integral, the optical power cumulative distribution, will have error function shape. However, the error 
function is a noninvertible function and it cannot be easily applied to linearized detector’s response. Hence 
we chose an invertible function with closest resemblance to the error function – the arctangent function: 
 
  DCBxAu  arctan  (1) 
 
where u is the detector’s output voltage, x is the laser spot position, and A, B, C, and D are the model 
parameters. 
Upon inversion, this function translates detector’s output signal to cantilever real bending. The 
resulting equation can be easily implemented as a digital correction of position readout. 
3. Model verification 
In order to establish model parameters A, B, C, and D we have reproduced the detector’s response in a 
controllable way. We have swept the laser spot along the detector using a microstage and measured 
signals from both photodiodes. Afterwards we have fitted the model to acquired cumulative distribution 
curves and obtained the parameters. The results are shown in Fig. 1a. 
 
Fig. 1. (a) Laser spot-split diode system calibration using a microstage to sweep the spot along the detector. Signals 
from both halves of the photodetector and the differential signal are fitted with arctan(x) functions. For the 
differential signal even better fitting can be obtained with arctan(x3) function. (b) Differential response of two split 
photodiode detectors measuring two laser spots. The laser spots were swept along the detectors by rotating the 
corresponding mirror in the measurement head. Dotted lines – raw response, solid lines – response linearized using 
arctan(x) function coefficients obtained for differential signal. Dashed black lines denote the detector’s output 
voltage limits. 
(a) (b) 
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The arctan(x) fitting produces larger residue near to the edges of the laser spot. This can be partially 
mitigated by “accelerating” the function’s argument, e.g. by rising it to a higher odd power: 
   DCBxAu  3arctan , (2) 
 
In our next experiment, we have put the model to the test in differential operation of a 2-cantilever 
array. We have used expanded beam deflection (EBD) technique, reported in [5], to obtain two laser spots 
using a single laser beam. The spots were swept across the detector upon reflection from a rotating mirror. 
The inverse function based on established model was used to convert recorded voltages to real deflection 
signals. As shown in Fig. 1b, the difference between linearized signals from two cantilevers remains 
constant over wide range of bending, as opposed to significant variation in raw differential signal. 
The model parameters can be also acquired from measurement of deflection of a microcantilever inside 
the system. We have fabricated electromagnetic microcantilevers, featuring a built-in current loop for 
thermal and Lorentz force-based actuation (Fig. 2a). By changing the loop current, the cantilevers are bent 
and the laser spot is swept across the detector. The function binding the loop current and bending is 
assumed a second order polynomial. The linear component is responsible for electromagnetic actuation, 
and the parabolic component for thermal actuation. By fitting the composition of the detector and actuator 
functions to the loop current vs. detector signal data, best approximation model is established (Fig. 2b). 
 
 
Fig. 2. (a) A microcantilever with a built-in current loop for electromagnetic/thermal actuation and a gold coated apex 
for laser spot reflection. (b) Electromagnetically actuated motion of the microcantilever. The split photodiode 
detector nonlinearities increase near the output voltage limits, denoted with black dashed line. The detectors response 
is approximated with arctan(x) function. Inverse function is used to linearized the detector’s response. 
4. Conclusions 
The proposed method allows utilizing split-diode detectors in differential static mode operation of 
cantilever sensors. As a result, high sensitivity can be combined with wide range and linear bending 
readout for static-dynamic mode of operation for cantilever sensor arrays. 
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